BP86 [9] (with RI approximation [10] ) and together with the basis set def2-TZVPP. [11] A fine integration grid (m4) and the default SCF convergence criteria (10 −6 a.u.) were used. The vibrational frequencies of all assessed species were computed with the implemented module AOFORCE [12] and checked for minima (no imaginary frequencies). [8] Proper spin occupancies were checked using the implemented module EIGER. These positions and intensities of the calculated frequencies were also used to simulate vibrational spectra by a superposition of Gauss-type functions. The structures were then further optimized with the functional B3-LYP [13] (with RI approximation), together with Grimmes dispersion correction D3 [14] with Becke-Johnson dampening [15] and the basis set def2-TZVPP for the calculation of the BHFC cycles and the PABOON [16] and the NPA [17] analyses. The AIM [18] analysis was done using the program Multiwfn 3.6 [19] , based on a wfn file generated with TURBOMOLE. Solvation energies were calculated using the COSMO model at the BP86/def-TZVP level. [20] The Wiberg bond indexes were calculated using Gaussian09. [21] Single-Crystal X-ray Diffraction: Single crystal X-ray crystallographic data were collected on a Bruker SMART APEXII Quazar with a CCD area detector and an INCOATEC 1st gen. Mo Microsource. The structures were solved with SHELXT [22] and refined by using SHELXL [23] , ShelXle [24] , and DSR. [25] Disorders were handled according to the SHELX-2018 manual with SIMU, RIGU, SADI, SAME and PART instructions. Graphics of the crystal structures were produced with OLEX 2.1. [26] A summary of all crystal structures is given in Table S 1. In 1b, 2, 3, 4 and 5 the disorder of the alkoxy groups was always described by using two or three different positions and a respective free variable for each occupation. All equal 1,2 and 1,3 distances in the OR F -groups were restrained to be of similar length using SADI. The thermal parameters of the alkoxy-groups were made similar with SIMU and RIGU restraints. 
Experimental Section
Attempted Synthesis of PPh3Au(As4S4)[Al(OR F )4]: Ag[Al(OR F )4] (107 mg, 0.1 mmol, 1 eq.) and As4S4 (43 mg, 0.1 mmol, 1 eq.) were weighed together one side of a double bulb vessel equipped with a Teflon stirring bar and separated by a glass frit plate. CH2Cl2 (2 ml) was condensed onto the solids. After stirring for 1 h at room temperature, most of the solids were dissolved and a solution of PPh3AuCl (49 mg, 0.1 mmol, 1 eq.) in CH2Cl2 (1 mL) was added to the reaction mixture. Immediately, a precipitate of AgCl formed. After stirring for 20 h, the reaction mixture was allowed to settle for 2 h and the AgCl precipitate was filtered off. The volume of the obtained orange solution was reduced to around 1-2 ml and subsequently layered with pentane. Storage of this mixture at 6 °C for three days led to the formation of few crystals next to an orange precipitate. scXRD experiments revealed the nature of the colorless crystals to be Au(PPh3)2[Al(OR F )4]. The orange precipitate was shown to be As4S4 by Raman spectroscopy. The experimental procedure was repeated using o-dfb as a solvent with the same outcome.
Attempted Synthesis of Fp-As4S4[F(Al(OR F )3)2]:
Ag[F(Al(OR F )3)2] (100 mg, 0.06 mmol, 1 eq.) and As4S4 (27 mg, 0.06 mmol, 1 eq.) were weighed together on one side of a double bulb vessel equipped with a Teflon stirring bar and separated by a glass frit plate. CH2Cl2 (2 ml) was condensed onto the solids. After stirring for 1 h at room temperature, most of the solids were dissolved and a solution of Fp-Br (20 mg, 0.05 mmol, 0.8 eq.) in CH2Cl2 (0.5 mL) was added to the reaction mixture. Immediately, a precipitate of AgCl formed and the color of the reaction mixture changed to a dark red. After stirring for 20 h, the reaction mixture was allowed to settle for 2 h and the AgCl precipitate was filtered off. The volume of the obtained red solution was reduced to around 1-2 ml and subsequently layered with pentane. Storage of this mixture at room temperature for two days led to the formation of few crystals next to an orange precipitate. scXRD experiments revealed the red crystals to be Fp-Br-Fp[F(Al(OR F )3)2] (5). The orange precipitate was shown to be As4S4 by Raman spectroscopy. The experimental procedure was repeated using o-dfb as a solvent with the same outcome.
Attempted Synthesis of Fp-As4S3[F(Al(OR F )3)2]:
Ag[F(Al(OR F )3)2] (100 mg, 0.06 mmol, 1 eq.) and As4S4 (27 mg, 0.06 mmol, 1 eq.) were weighed together one side of a double bulb vessel equipped with a Teflon stirring bar and separated by a glass frit plate. CH2Cl2 (2 mL) was condensed onto the solids. After stirring for 1 h at room temperature, most of the solids were dissolved and a solution of Fp-Br (15 mg, 0.06 mmol, 1 eq.) in CH2Cl2 (1 mL) was added to the reaction mixture. Immediately, a precipitate of AgCl formed and the color of the solution changed to a dark red. After stirring for 20 h, the reaction mixture was allowed to settle for 2 h and the AgCl precipitate was filtered off. The volume of the obtained red solution was reduced to around 1-2 ml and subsequently layered with pentane. Storage of this mixture at 6 °C for three days led to the formation of few crystals next to an orange precipitate. scXRD experiments have shown the red crystals to be Fp-Br-Fp[F(Al(OR F )3)2] (5). The orange precipitate was shown to be As4S3 by Raman spectroscopy. The experimental procedure was repeated using o-dfb as a solvent with the same outcome.
Synthesis of 1a:
Ag[Al(OR F )4] (25 mg, 0.02 mmol, 1 eq.) and P4S3 (5 mg, 0.02 mmol, 1 eq.) were weighed together on one side of a double bulb vessel equipped with a Teflon stirring bar and separated by a glass frit plate. CH2Cl2 (1 ml) was condensed onto the solids. After stirring for several minutes at room temperature, most of the solids were dissolved and a solution of Fp-Br (6 mg, 0.02 mmol, 1 eq.) in CH2Cl2 (0.5 mL) was added to the reaction mixture.
Immediately, a precipitate of AgCl formed and the color of the reaction solution changed to a dark red. After stirring for 20 h, the reaction mixture was allowed to settle for 12 h and the AgCl precipitate was filtered off. The volume of the obtained red solution was reduced to around 0.5 ml and layered with pentane. Storage of this mixture at room temperature for three days led to the formation of yellow crystals of 1a (16 mg, 0.01 mmol, 50 %) above a dark brown residue. The obtained yellow crystals were shown to crack upon cooling in the nitrogen stream of the diffractometer, making scXRD analysis impossible. Their spectroscopic investigation revealed the assignment as 1a. 
NMR:

Synthesis of 1b:
Ag[F(Al(OR F )3)2] (50 mg, 0.03 mmol, 1 eq.) and P4S3 (7 mg, 0.03 mmol, 1 eq.)
were weighed together on one side of a double bulb vessel equipped with a Teflon stirring bar and separated by a glass frit plate. CH2Cl2 (1 mL) was condensed onto the solids. After stirring for several minutes at room temperature, most of the solids were dissolved and a solution of Fp-Br (8 mg, 0.03 mmol, 1 eq.) in CH2Cl2 (0.5 mL) was added to the reaction mixture.
Immediately, a precipitate of AgCl formed and the color of the reaction solution changed to a dark red. After stirring for 20 h, the reaction mixture was allowed to settle for 12 h and the AgCl precipitate was filtered off. The volume of the obtained red solution was reduced to around 0.5 mL and layered with pentane. Storage of this mixture at room temperature for three days led to the formation of few reddish crystals of 1b. The obtained crystals were only used for scXRD experiments due to the lack of usable material. It is notable, that the reddish color most likely stems from impurities of the deep red Fp-Br-Fp[F(Al(OR F )2] (5), which cocrystallizes with the product and can also be seen during the final refinement of the crystal structure. A data set of sufficient quality was obtained from a pale yellow crystal.
Synthesis of 2:
Ag[Al(OR F )4] (50 mg, 0.05 mmol, 1 eq.) and P4Se3 (17 mg, 0.05 mmol, 1 eq.)
were weighed together one side of a double bulb vessel equipped with a Teflon stirring bar and separated by a glass frit plate. CH2Cl2 (2 mL) was condensed onto the solids. After stirring for 1 h at room temperature, the solids were completely dissolved and a solution of Fp-Br (12 mg, 0.05 mmol, 1 eq.) in CH2Cl2 (1 mL) was added to the reaction mixture. Immediately, a precipitate of AgCl formed and the color of the reaction solution changed to a dark red. After stirring for 15 h, the reaction mixture was allowed to settle for 4 h and the AgCl precipitate was filtered off. The volume of the obtained red solution was reduced to around 0.5 mL and layered with pentane. Storage of this mixture at room temperature for three days led to the formation of yellow crystals of 2 (37 mg, 0.02 mmol, 53 %) above a dark brown residue. 
Synthesis of 3:
Ag[Al(OR F )4] (50 mg, 0.05 mmol, 1 eq.) and P4S3 (10 mg, 0.05 mmol, 1 eq.) were weighed together one side of a double bulb vessel equipped with a Teflon stirring bar and separated by a glass frit plate. CH2Cl2 (1 mL) was condensed onto the solids. After stirring for several minutes at room temperature, most of the solids were dissolved and a solution of FpPPh3-Br (24 mg, 0.05 mmol, 1 eq.) in CH2Cl2 (0.5 mL) was added to the reaction mixture.
Immediately, a precipitate of AgCl formed and the color of the reaction solution changed to a dark red. After stirring for 20 h, the reaction mixture was allowed to settle for 8 h and the AgCl precipitate was filtered off. The volume of the obtained red solution was reduced to around 0.5 mL and layered with pentane. Storage of this mixture at 6 °C for three days led to the formation of red crystals of 3 (26 mg, 0.02 mmol, 34 %) above a dark red residue. 
Attempted Synthesis of FpPPh3-P4Se3[Al(OR F )4]:
Ag[Al(OR F )4] (50 mg, 0.05 mmol, 1 eq.) and
P4Se3 (17 mg, 0.05 mmol, 1 eq.) were weighed together one side of a double bulb vessel equipped with a Teflon stirring bar and separated by a glass frit plate. CH2Cl2 (1 ml) was condensed onto the solids. After stirring for 1 h at room temperature, most of the solids were dissolved and a solution of FpPPh3-Br (24 mg, 0.05 mmol, 1 eq.) in CH2Cl2 (0.5 mL) was added to the reaction mixture. Immediately, a precipitate of AgCl formed and the color of the reaction solution changed to a dark red. After stirring for 20 h, the reaction mixture was allowed to settle for 8 h and the AgCl precipitate was filtered off. The volume of the obtained red solution was reduced to around 0.5 mL and layered with pentane. Storage of this mixture at room temperature for three days led to the formation of yellow crystals of above a reddish residue. The obtained crystals were shown to be known Ag(P4Se3)2[Al(OR F )4] [2] in scXRD experiments. (3) 24.6881 (7) 16.4254 (6) 14.7750(9) c [Å] 16 .6335 (7) 16.1237 (7) 18.694 (2) P4S3 Raman [27] 1a including fitted simulated spectra. The experimental spectrum (black) and the fitted spectrum of 2i1 (green) and of 2i2 (blue) is shown. The structures of the isotopomers are given in Table S 3. The asterisk denotes minor amounts of impurities.
Crystallographic Data
Full Lists of the Vibrational Bands
IR 1a Raman Assignment a) 3 IR 3 Raman Assignment a) P4Se3 Raman [2] 2 IR 2 Raman Assignment a) - - - - - 102 (m) δ(Fe-CO) - - - - - - 115 (s) δ(Fe-CO) - 113 (w) δ(Fe-CO) - - 111 (m) δ(Fe-CO) - - 139 (s) δ(Fe-Cp) - 136 (vw) δ(Fe-Cp) 135 (vw) E - 136 (m) δ(Fe-Cp) / δ(Pa-Se3) - - 161 (vw) δ(Fe-Cp) - 174 (w) δ(Fe-Cp) - - 156 (vw) δ(OC-Fe-Cp) - - 189 (m) δ(OC-Fe-Cp) - - - - - 174 (vw) δ(OC-Fe-Cp) 182 (vw) A2 - 210 (vw) δ(Pa-S3) - 196 (w) δ(Pa-S3) 214 (m) A1/E - 192 (vw) δ(Pb-Se) / δ(Pb/coord-Fe) 220 (vw) E - 225 (s) δ(Pb-S) - 223 (w) δ(Pb-S) - - 217 (w) δ(Pa-Se3) - - - - - 241 (vw) δ(Fe-Cp) / δ(C-H) - - 225 (vw) δ(Pa-Se3) - - - - - 256 (vw) δ(Fe-Cp) / δ(C-H) - - 244 (vs) δ(Pa-Se3) 285 (w) E - 288 (w) δ(Pa-S3) - 285 (m) δ(Pa-S3) - - 322 (vw) [Al(OR F )4] − - - 306 (s) δ(Pa-S3) - 310 (vw) δ(Pa-S3) 320 (w) A1 - 330 (vw) δ(Pa-Se3) / [Al(OR F )4] − - - 322 (w) [Al(OR F )4] − - 321 (vw) δ(Pa-S3) / [Al(OR F )4] − 346 (sh) E - 358 (m) ν(Pa-Se3) - - 330 (vw) [Al(OR F )4] − / δ(Fe-Cp) - 330 (vw) ν(P3) / [Al(OR F )4] − - - 367 (w) ν(Fe-Cp) - - 344 (m) δ(Fe-Cp) - 343 (w) δ(Fe-Cp) 365 (vs) A1 - 381 (w) δ(Pa-Se3) 341 (m) E - 368 (vs) ν(P3) / δ(C-H) - 362 (vw) ν(P3) / δ(C-H) - - 388 (vw) ν (Fe-Cp) - - 377 (m) ν(P3) / δ(C-H) - 373 (w) ν(P3) / δ(C-H) 370 (sh) A1 - 409 (vw) ν(Pb-Se) - - - - - 384 (vw) δ(C-H) 405 (vw) E - 428 (vw) ν(Pb/noncoord-Se) 420 (vw) A1/E - 409 (w) ν(Pa-S3) - 404 (w) ν(Pa-S3) / δ(C-H) - - 448 (vw) ν(Pb/coord-Se) / δ(Fe-C-O) - - 425 (m) ν(Pa-S3) - 428 (w) ν(Pa-S3) / δ(C-H) - - 487 (vw) ν(Fe-Pb/coord)/ δ(Fe-C-O) - - 437 (vw) δ(Fe-C-O) 441 (s) 443 (vw) δ(C-H) 484 (w) A1 - 517 (w) ν(Fe-Pb/coord) / ν(P3)/ δ(Fe-C-O) 441 (vs) A1 - 472 (s) ν(Pb-S) 472 (w) 473 (vs) δ(C-H) / ν(Pb-S) - - 538 (vw) [Al(OR F )4] − 487 (vw) E - 505 (m) ν(Fe-Pb/coord) / δ(Pa-Se3) 509 (m) 504 (m) ν(Fe-Pb/coord) / δ(Pa-Se3) - 566 (w) 562 (vw) [Al(OR F )4] − - 526 (vw) δ(Fe-C-O) / ν(Pb-S) / [Al(OR F )4] − 528 (s) 538 (vw) δ(C-H) / ν(Pb-S) / δ(Fe-C-O) - - 571 (vw) [Al(OR F )4] − / δ(Fe-C-O) - - 537 (vw) [Al(OR F )4] − 555 (m) 556 (vw) δ(C-H) / δ(Fe-C-O) - 594 (w) 597 (vw) [Al(OR F )4] − / δ(Fe-C-O) - - 551 (vw) [Al(OR F )4] − 569 (w) 571 (vw) δ(C-H) - 725 (vs) - [Al(OR F )4] − - 566 (s) 561 (vw) [Al(OR F )4] − - 619 (vw) δ(C-H) - 755 (vw) 745 (vw) [Al(OR F )4] − - - 571 (vw) [Al(OR F )4] − / δ(Fe-C-O) 691 (m) 685 (vw) δ(C-H) - - 798 (vw) [Al(OR F )4] − - 595 (w) 597 (vw) [Al(OR F )4] − / δ(Fe-C-O) 704 (m) - δ(C-H) - 833 (w) - [δ(C-H) - 1206 (vs) - [Al(OR F )4] − - - 1120 (m) ν(C-C) 1016 (vw) 1030 (m) δ(C-H) / [Al(OR F )4] − - 1235 (vs) 1239 (vw) [Al(OR F )4] − - 1151 (s) - [Al(OR F )4] − 1072 (vw) 1065 (vw) δ(C-H) - 1272 (s) 1276 (vw) [Al(OR F )4] − - 1169 (s) - [Al(OR F )4] − 1092 (w) 1094 (w) δ(C-H) - 1296 (m) 1295 (vw) [Al(OR F )4] − - 1208 (vs) - [Al(OR F )4] − - 1120 (m) ν(C-C) - 1351 (w) 1370 (vw) ν(C-C) - 1238 (s) 1239 (vw) [Al(OR F )4] − 1169 (s) 1165 (vw) δ(C-H) / [Al(OR F )4] − - 1432 (vw) 1429 (vw) δ(C-H) - 1273 (s) 1277 (vw) [Al(OR F )4] − 1209 (vs) 1191 (vw) δ(C-H) / [Al(OR F )4] − - 2040 (m) 2040 (w) ν(C-O) asy. - 1296 (m) 1294 (vw) [Al(OR F )4] − 1238 (s) - δ(C-H) / [Al(OR F )4] − - 2080 (m) 2081 (w) ν(C-O) sy. - 1351 (w) 1370 (vw) δ(C-H) 1274 (s) 1274 (vw) δ(C-H) / [Al(OR F )4] − - 3138 (vw) 3137 (vw) ν(C-H) - 1432 (vw) 1433 (vw) δ(C-H) 1296 (m) - δ(C-H) / [Al(OR F )4] − - 2045 (m) 2046 (vs) ν(C-O) asy. 1351 (w) - δ(C-H) - 2085 (m) 2086 (s) ν(C-O) sy. 1441 (vw) 1431 (vw) δ(C-H) / ν(C-C) 1483 (vw) - δ(C-H) / ν(C-C) - 1587 (w) δ(C-H) 1984 (m) 1992 (w) ν(C-O) 3063 (vw) 3066 (w) ν(C-
Figure S 18
Close up view of the 77 Se-NMR signals of 2 (line broadening of 2 Hz was applied before the Fourier transformation) including fitted simulated spectra. The experimental spectrum (black) and the simulated spectrum (blue) is shown. The structures of the isotopomers are given in Table S 3. [17] , PABOON [16] (parentheses), AIM [18] 
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